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IJLTRASTRUCTURAL CHANGES IN RAT VIBRISSAE FOLLOWING
IRRADIATION
I. A GENERAL SURVEY.*
ROGER W. PEARSON, MD.,1 AND FREDERICK D. MALKINSON, M.D.
ABSTRACT
Rat vibrissae were irradiated with 1500 rads, and single hairs were examined by light and
electron microscopy. The most striking finding was the development of autophagic vacuoles
in the cytoplasm of matrix and sheath cells, beginning as early as one hour post irradia-
tion. The vacuoles incorporated various cytoplasmic structures, and most were gradually
converted to dense, relatively amorphous bodies. Presumed remnants of autophagic vacuoles
were also present in the keratinizing hair shaft. Tonofilament bundles were focally smaller
and fewer in number per cell than normal. Apparently dyskeratotic bundles were present.
Nuclear changes were noted only at or near the matrix-papillary junction, and consisted
of dense body formation, fine chromatin clumping and focal rarefaction.
The hair appears to be a highly satisfactory organ for ultrastructural analysis of radiation
injury.
Until quite recently little attention has been
directed to the study of ultrastructural changes
following moderate or low dose ionizing irradia-
tion of normal cells and tissues. The available
studies have included a variety of cells and
tissues (1—18) but not hair.
Hair is a particularly suitable organ for use
as an indicator system for radiation effects. The
hair's radiation-sensitive, highly proliferative
cell matrix, together with its stable end-prod-
uct, the shaft, is readily available for study of
dysplasia, altered growth rates, and other
parameters of cell injury. Malkinson and
Griem (19—22) and Chow et al. (23) have
provided extensive background data relating
hair damage to radiation exposure.
In the work reported here rat vibrissae
were chosen for study because their large size
afforded ease of dissection and handling; their
highly organized structure seemed likely to
simplify anatomic analysis; and the time-con-
suming process of "cycling" the hair could be
avoided since most vibrissae are in anagen at
any given time.
In these studies we have demonstrated
that, in common with several other tissues (12,
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17, 18), autophagic vacuole formation is the
most striking early change in irradiated
vibrissae. As damaged cells ascend to become
incorporated into the shaft, dyskeratotic al-
terations are apparent. Notable nuclear changes
are delayed until approximately the sixteenth
post-irradiation hour.
MATERIALS AJcD METHODS
Irradiation technique. One side of the head of
young female Sprague-Dawley rats was carefully
shielded and the other side irradiated from directly
above. 1500 rads were delivered with a Machlett
OEG-60 tube operated at 45 KY and 30 mA with
2 mm. aluminum added ifitration. The surface dose
rate was 404 rads/min. at 11 em. focal skin dis-.
tance and the beam quality was 12 cm. half-value
depth in tissue. Vibrissae from the non-irradiated
side and from non-irradiated animals served as
control hairs.
Hi.Itologic techniques. At intervals ranging from
15 minutes to 72 hours post-irradiation, animals
were killed, the virrissae rapidly dissected free (or
plucked as in a few experiments), and fixed in
1.33%-collidine buffered osmium tetroxide (24) or
buffered formaldehyde with osmium post fixation.
Hairs were processed individually for electron mi-
croscopy by the method of Luft (25). Thick sec-
tions were stained with toluidine blue according
to the method of Trump et al (26). Thin sections
were stained with methanolic uranyl acetate (27)
and lead citrate (28), or with lead citrate alone and
examined in a Siemens Elmiskop I.
For demonstration of acid phosphatase activity,
plucked and dissected hairs were fixed for four
hours in 4% formaldehyde in 0.1 M cacodylate
buffer (ph 7.4) at 0—4° C, washed for for to 18
hours in cold 0.1 M cacodylate buffer (pH 7.4) with
5% sucrose added, and incubated at 37° C in the
substrate mixture of Barka and Anderson (29) for
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Fm. 1. Rat vibrissa. Six days post-irradiation. There is gradual narrowing of the shaft
followed by recovery. Bulb is on the left.
from 15 minutes to four hours. This was followed
by rinsing for two hours in cold sucrose-cacodylate
buffer solution. The tissues were then fixed in
S-collidine buffered osmium tetroxide and proc-
essed for electron microscopy. Both stained and
unstained specimens were examined.
RESULTS
Light Microscopic Changes
The final result of irradiation is shown in
Figure 1, a vibrissa six days post irradiation.
There is gradual narrowing of the shaft fol-
lowed by slow recovery. The example shown
is rather extreme. Most specimens showed less
narrowing or none at all but many showing no
gross dysplasia were found to have ultrastruc-
tural alterations. Measurements of growth rate
changes were not made in this study but
Malkinson has found the growth rate to be
reduced in irradiated vibrissae (30).
Light microscope sections from the epon
blocks were useful for general orientation pur-
Fm. 2. Light micrograph. Hair bulb. Four hours post-irradiation. The papilla is on the
right. Note the concentration of dark granules, autophagic vacuoles, in the lowest portion
of the matrix.
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Fxo. 3. Electron inicrograph. Matrix-papillary junction. 15 minutes post-irradiation. The
papilla (P) is on the right. Note the absence of collagen. The matrix cells are packed with
ribosomes and show no signs of differentiation. Desmosomes are few in number and poorly
developed. X 6570.
poses and for locating areas of damage. An
example of this technique is seen in Figure 2
which shows numerous autophagic vacuoles
localized mainly at the lowest portion of the
matrix four hours post irradiation. This ex-
ample illustrates the need for careful serial
sectioning to avoid missing significant pathol-
ogy.
Electron Microscope Observation—
15 Minutes Post Irradiation
Convincing alterations that could certainly
be ascribed to radiation effects were not found
at this early period. For the most part the
matrix cells appeared the same as the controls
(Fig. 3). An occasional cell showed vesicular
changes, especially in the Golgi region, and
dense bodies in the cytoplasm (Fig. 4), but
similar changes could be found in controls,
perhaps with less frequency. Tissue incubated
for demonstration of acid phosphatase failed
to demonstrate early alterations in irradiated
tissue.
One Hour Post Irradiation
At this time extensive early cytoplasmic
alterations were noted in the matrix cells and
to a lesser extent in the root sheath cells. Many
small vesicular structures were found, par-
ticularly in the Golgi region. Early autophagic
vacuole formation occurred within areas of
membrane degeneration or within non-mem-
brane limited "smudges" in the cytoplasm
(Fig. 5). Some mitochondrial swelling and dis-
tortion were also noted, but these were ap-
parently much less triking than that reported
for some other tissues (4). The acid phospha-
tase technique was useful here in demonstrating
the probable presence of the enzyme in early
developing lesions (Figs. 5 and 6).
C 
Iv
 
Fro. 4. Matrix. 15 minutes post-irradiation. There is some vesiculation in the Golgi re-
gion (arrows) and some dense bodies are present. X 6570.
Fia. 5. Matrix. One hour post-irradiation. Incubated for one hour for acid phosphatase.
There is membranous degeneration associated with an apparent focus of precipitation (ar-
row) and a cytoplasmic "smudge" (S), an area of mottled increased density without mem-
brane limitation. X 18,600.
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Fxo. 6. Matrix. One hour post-irradiation. Acid phosphatase incubation for one hour. An
early autophagic vacuole showing accumulation of reaction product. X 20,000.
Four Hours Post Irradiation
At this stage older autophagie vacuoles had
enlarged, but many new vacuoles continued to
appear (Fig. 7). Glycogen accumulation was
apparent in early developing, non-membrane
bound lesions as well as in more mature
vacuoles (Figs. 7 and 8). Various membranous
structures were commonly seen within the
vacuoles.
Eight Hours Post Irradiation
At eight hours the autophagic vacuoles
tended to be somewhat more dense and nu-
merous but some new vacuoles had developed
(Figs. 9and 10).
16 Hours Post Irradiation
Autophagic vacuole formation and matura-
tion continued to be the predominant feature
but for the first time clear-cut nuclear changes
were also noted. The earliest alteration ap-
peared to be a mottled pattern of decreased
density with apparent chromatin clumping. A
more striking change was a mottled pattern
with scattered very dense bodies of uncertain
composition. The cytoplasm of the cells show-
ing nuclear changes appeared degenerate. The
membranous structures were ragged and the
general overall appearance shrunken (Figs. 11
and 12). The nuclear alterations were noted
only in cells at or near the matrix-papillary
junction.
24 Hours Post Irradiation
At 24 hours the older, preserved autophagic
vacuoles showed further evidence of digestion
of their contents (Fig. 13). The nuclear changes
were not notably different from those seen 16
hours after radiation.
72 Hours Post Irradiation
By this time a portion of the damaged hair
could be followed to the keratinized shaft.
Remnants of autophagie vacuoles were present.
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Fro. 7. Matrix. Four hours post-irradiation. In addition to the dark, mature vacuole (short
arrow), the adjacent cytoplasm has a focus of mcmbranous degeneration and loss of cyto-
plasm. An adjacent cell shows a rounded accumulation of glycogen in which several mito-
chondria arc present (long arrow). No membrane encloses this area. X 16,200.
Fin. 8. Outer root sheath. Four hours post-irradiation. Lead stain only. A large developing
autophagic vacuole is present. There is accumulation of glycogen (0) within the vacuole
and apparently free in the cytoplasm. X 12,000.
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FIG. 9. Matrix. Eight hours post-irradiation. One cell contains three large and several
smaller vacuoles at various stages of development, yet the cell appears viable. X 6860.
FIG. 10. Matrix. Eight hours post-irradiation. A large vacuole shows a dense, presumably
more mature center and a less mature rim. A well preserved mitochondrion is a prominent
feature. X 10,080.
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FIG. 11. Matrix. 16 hours post-irradiation. Mottled areas of chromatin clumping and rare-
faction, most notable in cell on right. X 11,880.
FIG. 12. Matrix. 16 hours post-irradiation. There are dense bodies within the nucleus and
nucleolus, and areas of rarefaction and chromatin clumping. The cytoplasm shows foci of
rarefaction and "smudging" of organelles. X 12,470.
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FIG. 13. Matrix. 24 hours post-irradiation. Numerous relatively "mature" autophagic
vacuoles. X 5300.
FIG. 14. Hair shaft. 72 hours post-irradiation. There are membranous bodies, and dense
bodies within the keratinizing cell. X 19,530.
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FIG. 15. Hair shaft. 72 hours post-irradiation. Membranous remnants, probably from
autophagic vaeuoles and amorphous, dense deposits. The keratin substructure pattern is nor-
mal. X 82,800.
Tndividual cells appeared to have fewer and
smaller filament bundles. In some areas there
was apparent dyskeratosis of the bundles them-
selves (Figs. 14, 15, 16).
DISCUSSION
Morphologic alteration of hair following
ionizing radiation was first recognized many
years ago (31). In the current study some
vibrissae were found to show the characteris-
tic post-irradiation thinning of the hair shaft.
The dosage required to produce this effect was
far greater than that required for the same
effect on body hair. Perhaps this rather surpris-
ing result is in some way related to the much
larger proliferative cell population found in the
matrix of the vibrissa.
The most striking ultrastructural finding was
the development of autophagic vacuoles pri-
marily within matrix cells but also in inner
and outer root sheath cells. The sequence of
events resulting in vacuole formation scented
to vary. Some developed in an area of glycogen
concentration without initial isolation of gly-
cogen by membrane production. In others
membranous degenerative changes were noted
early; the vacuole appeared to develop about
the degenerate area. Altered mitochondria
sometimes seemed to be the nidus of vacuole
formation. Another early change was vague
cytoplasmie "smudging" in which either in-
dividual microsomes could not be resolved or
apparent deposition of dense material occurred
focally.
New vacuoles continued to develop for at
least twenty-four hours and the older ones
generally progressed, or "matured", to form
relatively amorphous, dense bodies. Some cells
were ultimately ifiled with several large
vacuoles, yet the cells still appeared to be
viable. It would l)e of great interest to know
whether such cells are deficient in protein pre-
cursor uptake, since it is these damaged cells
that are presumably responsible for the faulty
keratinization of the hair shaft. Most of the
autophagic vacuoles appeared to disintegrate
before the hair was fully keratinizcd but rem-
nants persisted both as dense (residual) bodies
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FIG. 16. Hair shaft. 72 hours post-irradiation. Central relatively amorphous densities quite
possibly dyskeratotie filament bundles. X 82,800.
and as membranous structures. This sequence of
changes is quite similar to that described in
irradiated intestinal epithelium and testes by
Hugon and Borgers (12, 17) and in irradiated
mammary gland carcinoma by Brandes et at.
(18). In all of these tissues it is likely that
autophagic vacuole formation is part of the
cell's general reaction pattern to almost any
form of injury and is in no way specific for
radiation damage. Presumably, vacuole forma-
tion represents a self-protective cellular mecha-
nism for the isolation of endogenous destruc-
tive enzymes.
The nuclear changes first noted at 16 hours
post-irradiation are similar in some respects to
those described as late changes by Hugon
et al. (11). In the vibrissae these damaged
cells have an unknown fate. Whether they are
capable of division or of returning to normal
morphology is of great interest and this ques-
tion would seem best approached by incor-
poration studies with isotope-labeled com-
pounds.
One of the interesting findings in these ex-
periments was the strong contrast between the
obvious damage observed in single cells or
small cell clusters with the seemingly complete
sparing of many contiguous cells. This spotty
involvement of individual cells at the ultra-
structural level may be largely explained by
the well known and significant variability of
radiation sensitivity in different stages of the
cell generation cycle (32, 33). Moreover,
since the "stem cell pool" of the hair matrix
has not yet been carefully delineated, it also
seems likely that at least some of the normal
appearing cells are those committed to differentia-
tion. Cells removed from the proliferative
compartment might well be expected to show
greater resistance to radiation damage than
those cells still destined to undergo one or
more division cycles.
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